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This report examines the factors resoonsible for the high man-
hour cost of maintaining current-inventory Army helicopters.
Major components of six helicopter models were analyzed to
identify the significant man-hour cons'mers on each aircraft.
Causes for maintenance were established in terms of failare
modes, maintenance frequency, and average repair time. Major
component replacement tasks were structured in terms of spe-
ciric time elements, and important factors afrecting mainte-
nance task performance were established.

The study was accomplished in three phases In the first of
these, historical maintenance data was gathered, processed,
and analyzed to assess the overall man-hour reaiirements on
each helicopter. This analysis identified the significant
man-hour consumers on each aircraft in terms of discrete
types of maintenance and failure modes, tbe freqaency at
which specifically defined tasks occur, and the average man-
h3urs expendd on each task. in the second study phase, the
maintenance actions identified as high man-hour consmers
via the foregoing analysis were then subjected to a detailed
engineering analysis of maintenance task time. Using trouble-
shooting charts, maintenance instructions and test procedtres,
supplemented where possible by actual aircraft examinations,
experienced technical personnel analyzed each high man-hour
task to determine the proportion of total time devoted to
specific elements of the task. In the thizd study phase,
field surveys were conducted at a nu-hr of -v aviation
maintenance activities operating and maintaining the six
helicopter models under study. The surveys were used to
compare the analytical findi-ngs with the judgement of experi-
enced Army maintenance specialists in the field and to gain
a deeper insight into the maintenance requirements of the
various aircraft.

This report docuents the results n ! thr study tasks.
Using data derived from the analysis, a checkli st has been
developed for use in maintainabIiitv analys o e
copter designs.

-v= ne cha'racter-

Further study is recornended to investicate t ca
istics of helicopter designs t to the high man-hour
cost of maintenance.
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INTRODUCTION
BACKGROUND AND STATEM-ENT OF THE PROB3LEM

Helicopters typically require greater maint-enance than fixed-wing aircraft Of comparable size. The reasona for this arewidely recognized. First, rotary-wing craft are inherentlymore complex than their fixed-winq counterparts. Verticallift capability is not achieved without penalty - it simply
takes more systems and equipment to do th. job. Secondly,the helicopter is subjected to consistently higher operati-ngstresses. The dynamic systems (rotors, drives, and controls)operate continually at near-design conditions and under highdynamic stress loads. The fatigue life of a majority ofhelicopter dynamic components is consequently limited, re-sulting in scheduled replacements and overhauls not encoun-tered with fixed-wing aircraft.-
Vibration also ccntributes greatly to the maintenance prob-lems in helicopters. Comone:jts subjected to constantvibration are mare prone to failure, thus adding to themaintenance workload. Recent advancements in the technologyof vibration Isolation and damping promise to make this prob-lem less acute in future helicopters, but vibation is today,and will he for the near future, a significant factor in thehelicopter maintenance problem.

A-nother factor bearing on the helicopter maintenance probl-Is the normally congested packaging of systems resulting fromthe unfavorable ratio of hardware to available space. Withthe constraints on airframe size and weight, space becomes acrucial concern to the designer. The result is often tn-avoidably poor accessibility for maintenance. More mainte-nance time is needed simply to get at things, and once there,the task is often prolonged by obstructions & ad the inability
of the me thanic to move freely. Lack of accessibility,although a concern im all types of aircraft, is especiallytroublesome in helicopters.

The helicopter's cperational environment is another importantfactor in the maitenance proble. Helicopt ers typicallyoperate close to the ground, whih t -noc-n etafoses them to a mcrehostile environment tm ;:' ed-win aircraft. Landing andtakeoff fro smail unprepared fields, hovering over sand andwater, moored and unprotected izn. the elements, exposed and
vulnerable to damaae from many sources, the helicopter re-quires greater maintenance than aircraft operating in lessharsh tenvironments. The enviro nent also takes its toll in

ia



helicopter maintenance task time. Freonently, the maintenance
task must be performed outdoors in the cold, wind, rain or
snow with only the most meager facilities. Personnel perfor-
mance and efficiency consequently suffer.

The problem of helicopter maintenance is of special concern
to the Army, since the helicopter is the mainstay of its
aviation arm. The Arim', therefore, is doing most to identify
and remedy the problem. One of the ways in which this is
being done is through investigations such as the one for
which this report has been prepared. By investigating the
causes or current maintenance problems, future designs will
benefit from the experience of the past.

The objective of this study has been to quantify naintenance
task time in tems of discrete task elements. By establish-
ing the time structure of major maintenance tasks, the elements
of work contributing most to the overall man-hour expenditure
are identified. Factors of design and support affecting the
time to perform maintenance are also established.

In this study, the Army requested an analysis of the mainte-
nance requirements for certain helicopter subsystems and com-ponents identified as major man-hour conswmers. The generictypes or com-onents to be investigated were:

I. Tail rotor systems, including drive shafting, drive
shaft supporting assemblies, gearboxes, hubs and
rotor blades.

2. Main rotor hubs

3. Auxiliary power plants

4. Stability augmentation systems (SAS, SCAS, AECS, Etc.)

5. Trans-issions and gearboxes

6. Hydraulic servo actuators

7. Starters and starter-generators

8. Swashnlates and supportina assemiies

9. Main drive shafts

10. Power- Plant installations

The analysis was to cover these comoonents on the foilowina
tvnes of current-xnventory Ar'y helicopters;

2



i i. UH-i Utili ty

2. All-i Attack

3. 01-6 Obser-vation

4. 011-58 Observatio~n

Cf- 47 Cargo

6. CH-54 Cargo

An initial look at the task posed a fundamental qraestion
appropriate to each of the components scheduled for inves-

g tgation: To what extent are the maintenance man-hours ex-
pended on this item due to the frequency of maintenance as
opposed to the time required to perform maintenance?

This is a determination of basic importance in an analysis
of the maintenance problem. Heavy maintenance requirements
are caused, in some cases, by nuisance-type problems which

F_ consme little time in correction Lut which happen much too

In other cases the frequency of the task may be low, but
cons irderable maintenance tine is expended at each occurrence.
The esu! is the same: a heavy maintenance man-hour ex-endi-
tare. In et other instances, many man-hours are expended
chasing problems which do not exist at all, as when a pilot
imagfee "funny beat or shake" (often because of a com-
pcnn.t a.ior reputation for trouble). it was considered
probable that each of the components to be studied would in-
volve so-e cotbina'ir'n of these maintenance causes in varyingdeg xes.

In order to arrive at a basic understanding of the mainte-
nancE problem, certain items off information were considered
to be n-ecessary:

_. Hig a-Hour Consu.ners - dentification of

the items (components) which consume the
!rgest share of maintenance man-hours.

2. Types of Maintenance Performied - for the
4itens identified as hich Man-hotUr consturiers,
the proportion of maintenance time expenaded
on scheduled replacement, repair of failures,
Io-defect actions, etc-

3N
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3. Frequency Versus Repair Time- each maintenance
category applicable to the item analyzed interms of frequency of occurrence and t:Le-to-

repair.

This data wcald provide the basis for constructing the gen-
eral dimensions of the maintenance requirement in terms of
what is done, hcw often, and how much time it takes. Having
reached this basic understanding of the problem it would be
necessary to next probe for the factors underlying heav-
maintenance man-hour expenditures. Additional data would be
needed for this:

I. Failure Modes - definition of the item's
failure modes to the extent necessary to

Iidentify the different types of maintenance
tasks performed.

2. Elements of Task Time -the component elements
of maintenance task time, e.g., the time required
to fault isolate, gain access, repair or replace,
test, etc.

3. Factors Affecting MaPintenance Time - fh actors

which contribute to the ease or difficulty of
the maintenance task, e.g.,. access prOvislons,
size and weight of the cormponent, compleity
of alignments, adjust=ents, tests, etc.

All of the above data were considered vital to a cpiete

analysis of the maintenance problem. Without such data the
analysis would rest heavily on tBc~hnical judgement, suffering
attendant losses in objectivity and validity.

T"ECNICAL APPROACH 4

The tecloxical approach to the maintainability analysis ofr
major hli~copter components involved five principl tasks:

1. Date Processig. Hitorical maintenance data
was processed and tabulated for the various
helicopter subsystems and components scheduled
for analysis. This was accomplished for each
of the six helicopter types included in theS study. A substantial base of maintenance and 3
flight activity records, fra both Marine Corps
3-M mand Army TA MS sources, was used to assemble
the historical data on each aircraft. The

.A
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process entailed the classification of
maintenance tasks according to structured
criteria and the calculation of associated
statistics.

2. Maintenance ReTaireqents Analvsis. An

analysis was conducted to identify the
significant man-hour conswners on each
helicopter in terms of discrete types of

maintenance and failure modes, the fre-
q uency at which specifically defined
tasks occur, and the average man-hours
expended on each task. This allo-wed the
analysts to ran-k maintenance problem items,
to identify underlying causes, and to deter-
mine the areas in which further analr'ia2
should be concentrated.

3. Maintenance Task Time Anavsis. The com-
ponent replacement actions identified as
high man-hour consimers via the foregoing
analysis were then subjected to a detailed

FF analysis of maintenance task tile. Using -
troubleshooting charts, maintenance in-
structions and test procedures frr Army
manuals, supplemented where possible by
actual aircraft examinetions, experienced
techinical personnel anal-ed each of the
selected tasks to determine the nronartion
of the total task time devoted to specific
elements of maintenance. -his involved a
very comprehensive. step-by-step analysis
of each task. As a res-iit of thi-s effort,
all of the selected maintenance actions
were docnented in terms of necfically
defined elements of maintenance time.

4. Field Surveys. The maintenance requir-eents

andtask time analyses, Must described, pro-
vided the basic Etatis-i cai. ou rdation for
the study. Visits were hen made to a nimber a
of Army aviation maintenance units to examin
aircraft and to interr- ---Arm' maintenance
specialists. The purpo a- these interviews
was to review the results of the task time
analysis wx-ipt-hexu enced maintenance oer-
sonnel on each model heicont er vie-
were au=mented, where possiie, by cr-th-sct
exa=ination of conponen t -stallations and



Aa

°a
SOe-ivataon of actual maintenance tasks.

Thouch these sureyvs, zne maintenance
tasks analysis was verzfied bA- per- a

sonne± '.ands-on" experience and
modified where necessary. Mhe survey
method also provided the opportuzitv to
cain valuable insights into maintenance
proclems not obtainable through a strict i
technical xnalysis alone.

5- Deve -o1 0 pment of a Check List. Thllie knowledge
Faccuired as a result of this study was used

to develop a guide for use in maintainability
evaluations of future helicopter designs.
The guide is maintenance function orientsa,I directina attention to the tasks and desian
characteristics which contribute most i=-
portantly to the maintenance problems with
generic classes of components on -current-inventory Army heJicopters.

This report describes the methods of analysis, and documments

the results, conclusions, and recmendations o the study.
Maintenancetask analysis data have beer. grouped in tables
by helicopter model and aircraft subsystem. Supporting data
have been assembled into appendixes.i 3
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FIELD DATA Ct~

The inta std-rs ed processing historical nainte-

znance data .'Cft- the nell-cc ser svste-;s aunn caunpon ents scheduled
for- analysis. T wo svc'ceszc=f data were used. Marine Corps

na-a on thie PF$Ahelicccter, inCluded In the sarz- file, wasr

I arne Corps and I~av Data
UnesContfract VAG27 00A--tbn ~'!a-t M -- enance Support

OffCe at Mechanisb-o Pennsvjvanaa supp' ic -- A the Eustisa
flirct'rare, richt ree s ol mao-e a u 3-Ntal,
tem zaintenvance, fligi' =-r readiness activr-v for the H-i,1
H-46, 1-53 and H-577 seri- heliconters. Thae data covered a

-w- -rneriod endinTz '=- 971n ncue the foll.1owing.
3-M4 record types:

2. Type 21 IM4Air nance Transactionr

3. Tpe 31 P-aintenance Transaction

4.. Tye 1 Readiness Tran-saction

5. Vo 76 ?1ctTransact1on

flata=files were created for the Mar-ine Corns UB-l and ARh 1~
Ixe helicenters a& the Navy TH-57 hzelicr- M~je a

sh fste selected data base byr record tyeand relicont-er
model-

T 3L1. IT - I H -57 at!ICOMrt DM? F-SSret:t~

Record R eC. C= I-decor-d Rec-zr-c^d
Loeet Type~-pe~±m

[I- 50,373 ...t6C L4,520 -1,9
U A,384 'Q1,50I

95 C250 zlt 1,23551
fa90 S 2,7031



A computer prooaram using r~un'e5 from Kamrti' s existing3-
t ~data processing system was ceveloned to exrc, omtan

Process thze data. The initi1alI oneratiLon involved creation
of senarat.e taoe fies for each OrE tn-s two basic hle14cnnr-Ee

models; - ' Jeinureodwaalrd

Simltaneously, the for- of i nu -crs-a l ea
to condense the rx es and to Aspeed sorting rid Processing
efficiency. Figue 1 shows th format of the 80-character,
3-N records asreceivedi h oiia tape files i-

shows the revised A-character format-rdcdasarsi
of the initi-al file e-xtract rn.The progrem permit-s the
creatio-n of f'rom one to five on terat files 4fr-om any number of

I.nt flightAn Recr.. (Tp i h by mA eictr a erl y.sca

peNuioe.

2. maint-enarce an Readiness Records-(ye 1 21,
31 J ani2 yWr ntC~ maintenance records

an malt ':un'twa code seenc)-

r The sorted file was t he en c-to a te-o-itru Wn

produced three prant.en= reports:

i. Flicht Dat-a byT Airaareft Sra Number

-2. R&N Statisc --- iarv

3. Record C-fZ v~ rcnazation

Another norocram onwzn nr-vie- a, tabulation of tflicht
hours by ai-rcraftZ saria wAeer an%- month a=s reaui-red to
estimate the averagme monthl-v f lightjC- u'-- 'lizat-ion f or the
various i-madells.

= The R&-M Stat4 s'-cal Sumay a saripile page assow
in Figure 3, provA IM- the summamry-1ewe-l bistoracal data
input to the study The report ic in work unit Code
sequence. Because co%.e-t~o-w-tenclature fi'les were not
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provided with the data supplied by the Navy, the report does
not inalude the item nomenclature. There is a two-line
printout of data for each work c, de reported.

Total lines are -'upplied at the component level (for items
with a 6th and 7th digit WUC breakout) and at the subsystem,
system and all-systems levels. An explanation of the data
elements follows:

MTBF - The Mean-Time-Between-Failures for the work
.=t code. This value is computed by dividing total

flight-hours for the model by the number of failures
reported (scheduled actions, no-defect actions,
cannibalization, etc., having been screened out).

fTBR - The Mean-Time-Between-Replacement (for
Yailure) for the work unit code, obtained by
dividing flight-hours by the number of reported
replacements due to failure.

FAIL RATE - The rate of failure per 10,000 flight-
hours.

EPL RATE - The rate of replacements for failure per
10,000 fliqht-hours.

ORG MTBM - The Mean-Time-Between-Maintenance at the
organizational level. obtained by dividing flight-
hours by the total number of maintenance actions
reported at Level 1. (organizational level)

MN MTbPM - The Mean-Time-Between-Maintenance at- the
inteiaLate level, obtained by dividing flight-
hours by the total number of maintenance actions
at Level 2. (Irtermediate level)

ORG MTTR - The Mean-Time-To-Repair at the orgarlizational
maintenance level, obtained by dividing the total re-
ported elapsed maintenaice time at Level 1 by the number
of actions reported.

IN? MTTR - The Mean-Time-To-Repair at the inter-
me matemintenance level, cbtained by iividing the
total reported elapsed maintenance time at Level 2
by the number of actions reported.

ORG MHIMA - The average man-hours pee maintenance
action at the organizatical level, obtained by
dividinc the total reporter man-hours at Level 1 by
&Ahe number of maintenance actionz reported.

12



ORG MH/FH - The maintenance man-hours per 10,000
flight-hours at the organizational level, obtained
by dividing Level ± man-hours x 10 by flight-hours.

INT MH/FH - The maintenance man-hours per 10,000
flight-hours at the intermediate level, obtained
by dividing Level 2 man-hours x 104 by flight-hours.

NORM RATE - The nuber of hours per 10,000 flight-

hours the work unit code component caused the aircraft
to be not operationally ready for maintenance.

NORS FATE - The number of hours per 10,000 flight-
hours the work unit code conmonent caused the aircraft
to be not operatioftaly ready for supply.

FOUR-HIGH FAILURE MODES - The 3-M malfunction codes
Tor the four-high failure modes reported and their
percent contribution to total failures (in descending
order).

WEN DISCOVERED DISTRIBUTION - The percent distribution
of fallures by "when discovered" category within eight
groups:

Gioup i - Preflight (Abort)

Groun 2 - Inf light (Abort

Group 3 - Before Flight/Preflight
Inspection

Group 4 - Between Flights/Postflight or
Daii? InsDection

Gro- 5 - Thficht (No Abort)! Test Flight A

Group 6 Calendar Inspection

Group 7 Other Inspection

Group All Other

PRCNT ERROR CAUSE - .- percent of total failures A
caused by maintenance or operator error.

PRCN&' MT C:ALSE - The nercent of total failures
caused by weatner or env ronme ta I factors.



The R&M Statistical Summaries were used to provide th.e fltifl
cinal Statistical input t11o the data anals-is task. From
this report, the analyst selected, by worlk unit code , --he
c oponents for which- more det-ailed mw,.ntenance dat-a was

needed.

Figure 4 shows the overall data pjrocas:-sing- flow 'sed for
the study. Opezratior s shown ancloseal I-n tne dash-±anec
areaD are those comp_-eted under Contract DAAJ2-7l-P-G04ffL0

_The additional data processing requiremnents shownr Were
completed under the pr-er nt study -

Corps and Navy data was alsio used e-tensivelv irh S
Vasrenor:;, Maintenance SunzarNv by Malu~ and

Dispositi.on, ieo- 004 sson Theigure5
reprtarrays r-eporteCa, maintenance actions -%y imalr-flOZ1ton
cdeand type of actior. take-n .;n a mratrix-type disilav.

The total mAn-hours and elaesod maintenance tt~n are
printed for each malfunction category. The avarag-e Mn
hours Per- z-aintenance action is also rrited. Totals~
are printed for l ine maintenance, sho-D malntenance- znc.;
SuM oft both l'evel-S for the work unit code. Tb-is revert
was Used to establish tze typsofwntaceb
e pen-ade d on the comp-onent, the relativ4e 1frecuenvof -_ a oh
-type, an& the average man-1hours involved.

The second report p roduced under the study is -he Drti C
r M-Aintenanze A-ction List, Report 311-1030, shor!n in Figure 6.

Zemch line of the report represents a separ-ate main'tenanee
transacti-on. Report content i&s s.pecified wi-7th a series;

of input Daraneter cardS which ident-Lify the criteria c

Finclusioni or exclusion of a transactI-on fr -om the renort.
For example, t-he analyst could reqtuest a report con talnino
failure-typ,'e actions of~li. Juon-g t"Ixe items of flnnf 6 tio-)n
contained An the report are-tvtPe of m.anrenancie, mac

tenance level, when uiscovsred code. ma -f=uncti-or code.Iquantity-,, man-hours, ar,? elansaed maIrtenan'e ti-re 'Ti s
r-eport wa.? used by the analyst dur'inq 4r9 tas cc ication
anoi analysis Procedure. ic was also used in Casa where
sum.z"rZArio Ata w-as ?1hought tbenaurte or.Lnet

to deternine the nature of suspected- __r.r a- r! 's ons S

The th-ree renortaz describead ab. ,ov-;e k ee nrooC eat - -

UB-IE, AIGJand TH-3Th hellxcoofters4

The ceneric compo.?nent types speciriec by .4a 'M=
trnsated into work untcodes for vihe TUn- ItE, nnl- 8=,

andTh'57 heicptes.These ccxies were 'at- nSa to
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extract specitic components from the ccm-,uter-p.roessed
data for us in tnhe maintenance requirements analysis. For
each of the generic component typ,,es, work unit codes were
extracted 1"rom the respect-ive 3-M Work Unit Code Manual,
cover-ing -he end assembly and each of Its sianificant sub-
assemwAies (Where pertinet). These codes were then arranged
to show ioaical groupings o-6 comDonents where the seavenceILcdsi temna did not orovide this. T'able !I shows

261 anDrive Shaft AssemblyI

26211 ManTransmission Assembly

26212 Plate Assembly

2 6 213 Breat%-her Vent I
261 marifol d

Mast Asserlk.%Dv

2621- PlaJn inout Quill

26244~ Oi-rer Relief Valve

I26246 Oil Vressurte Switch I
26411 Tail Drive Shaft Assemb1yI4
26"12 lm

2 6-413 Hanger Assembly

26414 Intermediate Gearbox

26415 A iGero

A



From the tape data files generated for each of the three
heicopter iodel-types, punched card files were uroduced

to cover those components selected for further analysis
(Figure 4) -The criteria for inclusion of componerts in

file is described in the following section on Army
TA a a The file format i shown in Fianre 9.

Ar my T P MMS Da t

Data for analysis of maintenance requirements on the O-6,
CH-47 and CH-54 helicopters was suppliei by A-MRDL. It
consisted of Ar m y TMIMS data processed by the Northrop
Corporation anu nublished in hard-cony printouts. The data
processing and editing operations performed by Northrop
are exDlaint_ d in their reDort on the CF-47 helicopter.-

The TAMMS data is arraneAi -in voltes by helicopter rmodel,
one volume each for the OB-6A, CH-47A and CH-54A. Each
volume is prefaced by severa1 indexes which rank coxanonzents
on the basis of maintenance rate, man-hours7 and job average.
The index was screened to match snecific components on
each helicoDter mode! to the generic c-onent list. This
resulted in a list of specific comonents; identified by
part number and/or stock nu r, fcr which maintenance data
was to be extracted from the detailed data sheets.

Figure 7 is a sample page frm the TAMS data printout,
snowing those no-r tions of the data used for the analysis.
The report referenced above explains the m-ethodology used by
Ni Northrop to classify data into the action categories shown.
The categories denote by the nu-bers 1 th-ru 13 in the Left
margin of the table are those which were selected for the
matntenance r-nirements anal sis-

Specific actions were eliminated if the action rate per
10000 hours was less than 5% of the rate for the cponent
total. The malfunctions for each action were also eliminated
i f the malfunction comprised less than % of the total for
that action. This was done to reduce the amount of data to
be processed without sianificantly affecting Ute results.

(i) Bado, J. -A., MacCarley, 3. A. etal., MAIhTLNANCE
DATA TAULATIONS, C1-47A, Northrop 'Corporation,
Report WSDS 72-5, July 1S72. Contract DAAJ02-7-D-
0002.
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V

The logging of malfuxnction data onto purched cards wAaccomplished in the following manner. The thirteen actionsto be considered were assigned an action number (column 9)and a segment number (co-i 14t Fig-ft oiumq 10 wasused to indicate whether the maintenance was performed on(=1) or off (=') the aircraft. The mafunction code
(columns !1 tbx 13) was derizved from the Navy's standardma"functIn coda set (3-M) by matching the narrative de-scription of t-f malfunction given in the Naorthive eo

(i Notrop repor ts.J
examples of the three-digit malfunction codes used are:

Malfunction

Code MaIfunction

070 Broken

615 Shorted

169 "n1orr ct Voltage

374 Interna ?ailure

900 Burned
799 o Defect

800 No Defect-. Removed to
SFaciitate Other f
MMintenance

84NO Defect- Remover; ao
Sch'eduled Maintenance

Tne procedure for fcl.-ng out columns 15 and subsequentof the data cars is discussed next With reference to Figures
7 and 9.

The last row ot he action rate andraintenance rate (index) totals for the Co-oonent Thesetwo I1ues x !000) aze entered in card fiaIds 9 and 10respectively, of Ficure 9. The Component nom-encat is ventered in field rU. i
in the second row of Fiue 9, field 5, the action codecorresponding to R-nove/Reolaa 0 (A) code 6 - has beenentered. It is followed by the action rate (S37) and man-hours index (1546) for that action.

21



10 11 17 13 14

N CODZ

ACT

-= 3. RF0~.VE (Ri 4 1 0

4 INSTED (1 N 1 0

!0. ISTi IB

6 i. CRECXSV,- SEC ) 1 1 0

7. C HECKE, 1)1NRTS (M) 8 2 0

. CECKEDI NT REP( 3 2 0

9. SERViC . L= 17 , M

11. RPIj s A 3. 1 0

12. RE PA P (B) 3 2

13. REBou&. 7 a

CCMC1- 0 0 0

Figure . N Data Extraction Coe -aste
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vne -next zfive car entr ies rep~resent th at ' z-zti-
contrlbntinc at least -at to the -cinrate for the mainte-
nance actjo-4 lrle values in rteld 9 tor these cards are

a -) ene e --'- -411in r -'
necemnt. ix 2n,; f*Ih a.tio - a.e 183;o~re n

~T an'cme procur was Carri-ed r-% Cnr- a I2 of the cnoe

-o. ana VsIs a-n theO-6 Cn'n
fl- -*-l'%cqoes v-1roduved Chree rtnzhedxrir~et

becombined r--- those genmerat' -- F corru-.ter rrthe other

I - e ZJ~C a a a ace, Was Orgai bycpnn art
Yjmzber ann s'-ork -u r in order to nrcrride for a az

mma-iz w,-! thtused f r thari-lit-sdt

wm- ndi -ec bha'l to- lbe assilond tothe acrm-eets
= - fr earnh or tht three heli-coter- OEes:G-6A,

CH-A an Cfl5A Codes were develonea for eac-h conent
US 4-cnth O ap r' ia sv-ste= cod Cr=)f the~ Xjwr 3-m wflI n. cod axi-suct-r ciciz -ythe numbr repre-s-etimg the

A gearbox on the 'H-I I would. f-r exa=,1e, have beenz
as-%c.ane svstenm cod~e 2'- MrLveSJ. If thnat eabxappearec

as t*4 23%h item in thet r-nur aecuence4 imiex in the
ICHli dta -- '-'me the co=nn-ote wcrk unlit casarn~

=wou- a -ilave beer - 2602- Thjs svstem rel ated c0=0nents to
a- cc~ smv--em rn - -r- ~tfor bath. sets- of data. fleins

th ide - - -"Oer to can~ete the woark =nit c-de
alws p--~- e'd a ready cross-rer ez e to the 1 orthmrap

repo-=~~s'. Tework unft COCs thufls aeflfrata -eenrd
Mn Ciaid 3 of the -x=u-ched can? Se t s as shovn -z--9
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MAINTENANCE REQUIREMENTS ANALYSIS
One requirement of this study was to identify the failure

modes and maintenance requirements which generate the high
man-hour consuming tasks on each of the six helicopter models.
The data processing tasks just described provided maintenance
data for each of the aircraft upon which an analysis of main-
tenance requirements was based.

The purpose of the maintenance requirements analysis was to
identify the significant man-hour consumers among the list of
generic components being analyzed and to isolate the actions
and failure modes which contribute most heavily to the main-
tenance burden on each component. The maintenance data on
each aircraft was screened to eliminate from further study
components which historically did not represent a significant
share of the maintenance burden on that aircraft. The general
guideline used was to drop components which did not contribute
at least .5% to the overall man-hour per flight-hour rate.
This was not rigidly adhered to in every case, however. Cer-
tain components which revealed a high overall job average or
an excessive action rate were retained despite having failed
to meet the general cutoff criteria on man-hours. In other
cases, components which exceeded the cut-off criteria were
dropped because of extenuating factors - an excessively high
cannibalization rate for example.
After the component screenir.g was completed, data on each

component was analyzed to extract the high man-hour con-
tributors by type of action and cause. Maintenance record-
were grouped into one of the following action-type categories:

1 - Check

2 - Adjust

3 - Repair

4 - Remove

5 - Install

6 - Replace

7 - Rebuild

8 - NRTS (Not Repairable This Station)

IN



Action categories which did not contribute at least 5% t1-o the
man-hour rate for lthe comrponent were dropped. Next, cauSes
within each action category were examined by malfunction type
code. Failure modes or reasons for mnainteniance which Con-
tributed less than 2.5% to the action rate -for the component
were also dropped. (Action rat-e rather than man-hour rate
was used as the criterion because the TAMlS data as formatted
did not show the 7ontributic~n to man-hours by cause). The
result of this procedure was to distill the overal7. mainte-
nance history on each component down to thos'_ actions which
contributed at least 5% of the component man-hour rate arid
those causes within actions which c-Iontributed at least 2.5%
of the ccomponent action rate.

The data thus assembled vas prepared in pinched-card format
to facilitate formatting and calculation of required sta-ti;s-
tics. The forrt of the card records was shown earlier in
the section on TAMMS data processing. The file code struc-
ture included codes for the hel.I.6opter modal, type m=-intenance
action (listed earlier), where performed designatCion, mal-
function or reason for maintenance, and t~he maintenance level.
The model codes used were:

I UH-l

3 OH01-58

4 OH-6

CII-47

C -CH-54

r! ~ The codes designating where the action was perf6rmed w~-ire:

I -On-Aircraft

2 -Off-Aircraft

The ..lfunction or reason for maitenance codes wer-e t1-aken
directly from the standard mialfunction code set used in -the
Navy's 3-M Maintenance Data Collection System. The mainte-
nxance level codes used were:

26
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1 - Organizational

2 - Direct Support

3 - General Support

A FORTRAN computer program was written to tabulate data from
the six punched-card files. Figure 10 is a sa .ple page from
the computer printout. The table is arranged by components
within the aircraft. Each component is identified by its

work unit code and nomenclature.

Within each component, data is tabulated by maintenance
action category and rcason/failure mode. The following ele-
ments of data are printed for each maintenance action:

ON/OFFiA/C where the maintenance action j s
performed on or off the aircraft.

LEV - the maintenance level at which the
maintenance action is performed.

MM/A AVG - the average man-hours per maintenance
action

Total Mar-Hours
- Total Maintenance Actions

AVG NO MtN the average number of men required per
.'aintenance action as derive from the
Ii. s6orical maintenance data. (This
satitic was available only for those
ircraft for which Marine Corps and

N;t- data was used)

Total Man-Hours
Total Elapsed Maintenance TI-e

A/FH RUATE - the maintenance frequency in terms of
actions per 10,300 fiht-hours.

27
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1 I

CEA CN/ L 210 1.t 2P.1 P1.5 47. 4 %Z.3 &2

I ACTION OFF 8E PA NC FM Vs FM FM
RtEAsON,/Faav MOU _ C E A/C V AVG PEN R ATE PC.NT RATE PCNT FM FM

=j15110 SCISSORS/SLCEVE ASSY :

tEPAIP. Ci 0 , .0 1-4 24.1 21.5 47.4, .3 2 j
020 XO-,nCMAFED.FRAYEO v I1.5 10.3 23.7 9.3 j~~127 , WST/AL IG-4 1PPOPE.R 2 .9; Z.6 7.5 2.9 i

REPLACE ON V 5,7 1.7 43.7 39.0 248.9 97.4 1
020 kUCRM, tAFED.FRAYEo s 3tl.6 27.3 139.' 54.51
710 ORG FAILI-G/FALLY * .5 3.2 1.2 4.

t 033 FtO-OEFITIME C!HnGVe S -8.4 3.9 0.9Q 26.61

OTHER C.0 4t-.1 39t5 0.0 0.
| COMPOUMFNT TOTAL 2.6 1.6 lll.q 1C3.0 296.2 100.0

15115 PAIN ROTOR t-.S ASSY

REmI a OFF 0 17.8 2.0 14.4 14.9 2356.1 30.7 2 2 I
! 022 ~HCAE.Ri0* 3.2 3.4 83.5 10.0

11 fG MLNGPAT 6.2 6.2 123.7 1z4Q

I trPLACE ON 0 11.1 2.6 33.6 34.9 373.4 4.8 1 i

190 CRACKEC 4 4.4 4.5 52.6 6.3
Ti BP. F-ILN;rALLTY 3 t 3.? '2.9 5.2
503 NO-CEF/TIME CHA-N'GE * 3.7 3.9 3C.8 --7

OTHER 4,2 2.0 A8.3 50.2 203.5 2ft.4

COM;ONENT TOTAL 8.6 2.2 96.4 100.0 832 .o c0

is3I118 MAIN ROTOR C'!IT A 455

jEPAIR ON ?-0 1.5 3.6 62.9 7.2 712.5 1
020 o.,HFORYOa Q5 8.6& 0.5 4.9
70 SRCKCE' 4 0.3 5.7 0.5 4.6
127 ACJSTi/-LIG IMPROPER 0.8 14.3 0.8 8.2
135 'NG/STUC/JA'4"ED 0.1 5.1 0.2 1.7
410 LACK OF/IPPROF LUSE 0.3 5.7 0.1 1.0

REPLACE ON 1.4 1.6 1.1 20.0 1.6 16.0 2 2
020 RCHAF.FRAYEO o 0.: 2.9 0.2 2.3 I
070* 0.8 i;.3 0.9 ?wo
j 30 *OOS . • 0.2 2.9 0 5 4.6

OTPEP. !.2 1.2 1.0 %7.1 1.1 11.5
! COMPON ENT TOTAL 1. 7 I5 .7 Iio,. C .9 t00.0

Figure 10. Mairtenance Requirements Data Format.
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-Tot.al Ma;intenance Actions x 10. 000
Aircraft Flight Hours

MA/FE PCNT -the Percentage contribution of this
maintenance action to the total mainte-j
nance t-requency for the cowponent.

- Total Actions (Thils Action) x 100
ToalActions (Co-M-.onent)a

MH/PH RAtIE -the mai nte-nance rate in terms of- man-

hours --r 1000flight hours.

- Total Man-Hours x 10,000

Aircraft Flight-Hours A

H/RPCNTE P er ertage contri ut"on attba
maintenance action to the ttlmine
nance rate for t e c n ne r

r - ota'Man-H-ours (-Actioaj) x101

Tot-al M24an-Hours (CoMponent)'

RAINK IMA/FR H h ai ththsato in terms of
the overall compo!Innt maintenance rrce-
quencv, (maintenance actions per 10,000

R AN1K HEF gmth ran-ki n of this act ion i r_ terms oF
overall component maintenance rate
(maintenance man-hours -per 1,0
flich-hZIou'rs) 2

Following te suimmary line for the maintenance action iLs aI ~breakout ofte reasons for maineac anAalue oe
fortha acio. Te cde nddescription are followed by

the act ion rate ano' ccntribution to tot-al actiAons
10 thre heli~mvdn conter model s using
MaieCorns and Navy data (JI-i, AR-I and n~) the..

hour rfeand percent contribution totta mn-orae
also printed.

A



in cases where certain maintenance actions have been screened
cut of the data for having failed to meet the cutoff crite-

nion or where the data could not be properly categorized
because of urrors cr omissions, the balance between the sum
of the tabulated actions and -the component totals is shown
as OTHER". This line tr-1 ediately precedes the "CCPONENT
TOTAL" line.
Tables ill thru VII! contain the overall repair and ccmponent

statistics for the six helicouter models developed from this
analysis. Three additional tabulations for each of the six
helicopter models, ranked by average man-hours per task, are
contained in Appendixes I thru III. Appendixes _and I con-z
tain rankings of on-aircraft and off-aircraft renairs resnec-
tively. APpendix ii contains a ranking of component re-
placement actions. The comlete results of the maintenance
reqair ents analysis for the six helicopters are contained
in Appendix IV.
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T ABLE V I -- OMUN YQD _ _. y ~

IM OH-8ELICOPTERI

Cmoe Code ". K n/0. fI

Cyli Srv.Atu n -, ac , CRC -800 2.5 4

p e AI Z f ORG. a fir
-- 

I, . ,_. I " " i , o "  
4 I "-- i-, - ", -r ._s - L . i! I " "' "  I

a R r beplce 
1,8 I I 2

- l 
F' - " u r  

t I r. r, ; . ' 1_." 5 k 4

- 1ep.i 
-1-' 1 21 9

614 .4 fS44 2 I D - S - -

-'Zz ~pa. - o~B 2. 5 31

110 1 45 OR.11 11 23 4 29'

;-4r4 olr r 
0' p 

I

or pce 
Mlr

-_ II g~e .'ez~e . D.I, -epace 'ORG. 11,69513.3 k I

_ - pa, r ON 1, 7 •

I RG. 11.14Sf .5 1

RotoreHub
frni~0  7 C O 1 R . I4762 4 ,,-

m 1
37 1

- i ON 5 0 .7

P 3.31

I J j -nrL-471

ac "4 J I I

I914.

rear IO IG 90
122500 IR_ e



TABLE: ITT -Continued

Coe n Naecj~f~!Typ! LeM an- $IHFHtOePOne-.t Cd rsfenlature Acto Af. rj Q

' 26411 TailRotornrive-7 roupi 1 - rru-Pac LN cG hnJJ
PAPA OH. 8 r.1 0.9 53

2543 a~r nric ~1ae'ON ORG. 1222 2.8 126
,Rpl jw JORG.' 474 2.0 432s

26416 Tanl actor Gnr-bcx Replace H ORtG. .-,2261 4.7 14-j
"25310 Droop Ctm7!~ajozan Rpac 5j21f7
JAR I-meO ORO.I'2,857 .17
129411 0O-1 Cooler Replae'm OH ORG. - 1,69- 3.8 f224 1

492M StarterGaor Rmpla-ce N log 2 70 2.0 742
ON OR. a-I1.7 ,9091I



I TAB=- 17. rKCExREPAIR AN7D Z L2EMElix
-q!.SM-CS: OH-S -n6E

Type IjO!f
jyn6nent Cod~e -ne entc- !Action -evet UsTmjur ;02 I

103 2 a-ir -ao -rshl -elc n1,1 7.2 -2

103 Tail Ro-tor u em-11, -PaceIn I 429f 4.
NRQwair I C -!f - -I S. '0310..3 l 0,7-1

RPeair --a 18 8.0 5

11 ISG Main Rotor nt--- Asseily .2eplace vI rk2 2.a -- I191 1-2 371

15047 Main Ratwr Bladpe ss Repl1ace Sh-o I4,762 3 7 a
It-'-l 3,333I

2206IC7 nnafReplace On 16 14, .8
jeai r f L 110.0j7-21#

Reai On S~=. as 5-91 .

= 204Pow-er Turbine ove=.-r 'Rnac O 1, 1.5 S I

fl20t54 Gas ?rod-uea me -CWILF fflepve'O= Doe 031 :J

22ws Oil Coo"ler fReplace- Om I -.s. 1,,6.3 1' '
Reai UOOS.4

22 O ngine OU 1 ite - ~ pa- I j a

Tran-IsianI Ioz E' 364'
1 Rep o- I O' 177 7.0jza

Z T 7Iall Rotor Gearbox- C-A'- - 2881 6.7 I 1 '2

.-- ==--,15Sf 4.0 2'
42 ManDiv hf Replace O . 437 2-4

12602e3 TaiI Riotor Drive r- -Rpa- m D 9 3- 74

C- sea) -Tat

Fil- - ter-xt --'e ft-r- jO ,6f

1-9 1 .



'7AB- V. CMPLoNENT REPAIR AND REPLACEMEN1,4Tr1ST ATISTICS, UH-1 HELIC1rxzac

Ty-pe prIO'u P fan-r

ICacetCade tad floeniatnr tAc._ lLeeiMM I l i~

C4ram S'csk 101.0%S-1f Z e a 65 .

14 141 Fi~ t Con t l ~ r l @ 1
Wilve 3.9 4

~ lrEtrHbAsv -'ac . 291-. f4
tepirIs- 69 17 7

Il IUD Scisos/1#Ve 22i~~t.1 On=z 5.7 2,4891

11 2.o

iflaair n 2 778 2.01

=- Tait ttr HTvi- >A3sn.y 'epnace 0, a 3. nt 3.5
23.. 249N 3.9j

-1 sii lter ?l.adc Asrsb;=-ae' =

ifit
q 8871 U

ri _=nda~ ' -teCI -

r D~~pdr 1 C .. . 10o 17.2 2

'Rc- a-- 1 - 3 81! 30 -=

St tI4I ft

t

---- I- ~ r Z R- IA 100; .

I.-' =..-- = 4,1:2 =- 1 _7. -

Isniter PIucr s4i!
342! 3.7

I I-4 I..

~ ~0 El~f3.-71
~.r-02 1



I~ ~ ~ HY~ no an- PIM/FF I
auf~~~ ~ !cnn~tr ~to~cI Level fTMI hfr MIO

26211 main Iransmiss-ion 'Re-Iace'Oz ., 13 31A4 219

-- *NS ASeAl r~eni-=12.s 92 r1. - - A9

p.eair I-7n 4Ds ~.4 14 9g1
12621s main Inp~ut Qmil1-Ma"' -ra~sf. Peplace ; O- 1D5 90911.3J 53

P-epIi DS 139315.040

A--ar iOn ;r I fP .. 2

z21I Bose-Mazn lfnaso eplace On .1~ k ,5 1
RPepair On Qr, 14167j 4

S264-11 Tail Rota? Dri-ve Sba-E.. uReplace on 1 1,1164) 2.7' 159

2451,3 Tail Rot=r "-3t;: Raaqr On- jOrq 34:l2o

1 26414 intermediate Gearbox 'tplace j.On jOrq 31 .1 5 se
RearI . Or -35 1.I13

26415 Tail Rotor_ Gearzbox RmP11ace Ca On , 41: 4.9U97

Repair -On 01T 291'- 547'

2913 P-1ow Bc Ase~b ~ Cm. M.S.h g s 3oe

fl23E Particle ztrra!--ar Repac Omfl

12331i ~ ~ ~ ~ ~ ~ D Dro DLaao a-Zzmi-icn1 .. 3,22x 22 4 74!
flJ P ~ C repi in io r 529i M.I4

r-nO7_'zrAtao e c 0 - e30

5 I =. L-

C-4,
1s2

1 2942d I Coler eplae O -Repir 4Org 3jU .1 1jiI
on Z it 6



jTABT.W V -Continued

IIType IonnOf f P~rFl
Coattcnent Code and Neccature IAction jnlcf. ILeI-Y1M n1-.r ?m P.=

29621 Taflpape ieplace :).S- r-'91 31 34

__~~ 'C- 51 2. 1

421 State g--,atrRep-1azre-

r r
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TABLE VI - Continued- - 1

Type On/Off Man- i/li
Compcnent Code and Uomenclature Action Acft. Level T oH Hr M0o1

26413 Hanger Assembly elace Org 1.9 2,150Repair Of D.S. 312 1.8 [595

26414 Intermediate Gearbox Replace On Org 4271 2.6 608J ipalgr On Org 885 0.8 86

26415 Ta Rotor Gearbox- Assemb j Replace i On Org 369 4.81,303
Repair 'On Org 629 O.e 129

29132 Pillow Block Ass bly Replace On D.S. 4,000 .3 53
Repair- -- On D.S. 17,692 1.2 1!29133 Tripod Assembly Replace} On .S* 1,408| 2.0i 142r Repair On D.S. 1,493 1.5 103

2931J Droop Compensator Cam Box Replace on Org 3,030] 2.3 77
Repair on Org 452 0.7 (155

2931J10 Linear Actuator Replace) Or. Org 452 2.3 509
Repair Of Off D.S. 1,20S1 1,21 101
Repiaiz On Org 33 1 . 0 346

29321 RPM Warning Detector Box Replace On Org 201 2.4 1,193
Repairl Off D.S. 224 1.1 493
Ropair On Org 189 1.2 635

29422 Oil Cooler Replacej O. Org 3,448 4.2 123
Repa ir -On Org 3,030 2.6 87

42211 Starter/Generator ReiLace UO 'D.S. 1,5d7 3.3 207
Repair On D.s. 26 2.2 269

575CI SCAS Control Asoebly Re 0.S. 2.0 s0
Repair On D.S. 4,762 11 24

I ,I 1
r!

I3
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TABLE VII. COMPONENT REPAIR AND REPLACEMENT
STATISTICS, CH-47 HELICOPTER

B On/OffAvg 1
Type On-off Man- HH/F

Component Code and Nomenclature Action cft. Level MTBM Hr jx ]0-

14021 Swashplate control Replace On D.S. 357 14.1 3,954
Rpa= Off DS. 1,961 12.0 608

14060 .driv-e Arm Assy - Trans. Replace on U.S. 324 1.8 555
SRapair Off D.S. 1,493 6.0 401

15008 Rotary Wing Head Ass;. iReplace On D.S. 110 10.8 9,839I i~epair Off D.S. 10018: 2,3

I1102 Shock Absorber Replace O rg 332 2.3 693
S A erJ 0n

i5133 Rotary Head- Boot Assy. Replace On Org i 228 1.9 833
Repair On Org 2,564 i.E 60

15170 Rotary Wing Head Oil Tank Replace On Org 256 1.2 469

1-15234 Spring Droop Stop Rep3ace On Org 840 1.7 203

115271 Droop Stor--Static Replace On Org 18,333 1.6 -19
Repair On Org L2,500 1.0 8

22004 Turbine Engine Replace On (.S. 78 77.6 h9847
Repair Off D.S. 20079.9 39,930

22074 Fire Detection Sensing -Replace O rg 121 1.7 1,407
Element 'Repair On rg 1,667 2.3 137

f2l6l Engine oil :P:utpol Rep1ace On Org I,639 5.4 33Repair On Or 7,692| Z.0 1 27

122128 PowerTubnCotoon Ir57 2. toActuator i'

E2157 Engine Otarter !Replace n 55g 45 5 8

122310 En; 4 ne Exhaust Cone iReplace on 89

II122357 Engine Tailpipe Assy. -8paeO u [,0 1 19
Rl- ace on Ora 1020 1.4 ,i

j24009 Aux, Power Unit iReplace On :r 192 5.4 12,818
Repair On1,35 2.0 150

'Repair Off 64517.7 F8250
124169 APU Hydraulic Pump- jReplace On 'Ora 3.7041 3.1 90

Moea Off ID.S. 7,692 18.9 2 253
12430$ AP? Fuel Pressure Switch ROn *rg 3,2261 1.4

3-0



TABLE VII - Continued

SType OnlOf 1v Ma- M/

Cc5pent Code and Nomenclature Action Acft. ILevel YTB Or x H0/

24576 Apu Fuol ost -Replace -on Orl 4167 1.0 43

26010 Cobining rns. Replace On IO.S. 18 3  7.6 4,160
Repair On. D.S. 699 1.2 16

261 ycb~rznqSatRepair 
Off 101. I6371 2393,526012 Synch onizing Shaft Asey Replace On Org 131 2.4 1,83

26W Aft ?=ane . Asay. Replace on jD.. 274 42.6 5,51
Repair on IDS 14n 0.2~ .1

26016. ForwardI ?ras1.Assy Replace IOn M~.S. 407' 39.0 9,59
Repair On D4S. 1,429 0.5 3
fleai-z 0 L 105. 1,163 24.0 2,07

26017 Bngine Tran.-Assy Replace 6 O g 211 4.5 2,/3
&*air Off j.S. 204 12.2 4,02

26019 TrAnS.-S1ift AsaI Replace On ID:: 1 407 2.1
•Repc~, a Off -754

26039 Aft gotor brive shaft Replacef n MI .D5. 593j 19.1. 2r21
Repair On jD.S. 6,66 2.6 3
Repair Off D.S. j3,030 f0.4 40

26084 Aftptar Assy -- Rotor Dre Replace On D.S. 1 .39 2.2 14
Repair Off D.C. 1,0201 8.0 7*

26026 Outp t Seal-Aft Trais. Replace On -Orq 4 4651 15.0 3,22

26173 Chip Dte4Mor-E-ngim6 Replace' lO 1, 1 ,3 09  1.11
Trans Repa. Ig 3.226 1.1 3

42054 AC Ganrator Replacei On I o 4 4 1 .0 40

Reai on "tr .j,43 9.9 66

45011 RdrNyaulie Sevler lace On .Org 225 3.7 1,64
Repair Off VD.S. .141 12.0 1,481

-4_
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TABLE V.TT COMP0NENT REPAIR AND REPLACEMENT
STATISTICS, CH-54 HELICOPTER

Cpe oe F on - e Type On/Off Man- H/Fe

Coponent ~Code and Norencla"'re Action .Acft. Level MTBM Hr x 10Z

15007 Main RotDr Head Assembiy Replce Orf D.S. 260 28.7 I105
15016 Rotor Da e Replace On Org 311 3.2:541

151 a ez Aasembiv R pi ,C eai ff {D-S. 1,042 16.0 i,5411

15021 Tail Rooor Read Replace on Org 323 9.8 3,01SRepair On Org 3,125 3.3- 101

15079 Droop Restrainer f Replace On Org 228 1.5 6s
1S208 Lin - Pit h. Change .eplace o Org 0 1.4 39

I 1 1 1 022005 Engine Replace On D.S. 85 52.3 62&31
Repair On D.S. 1991 6.9j3,47-
Repair Off D.S. 407 84.0 ,1901

220 28 T il pie s sehlyo i Rplace On D . 88 1 1.81
aepa ir 0a D.C. 81 2.4

22037 Fuel control Relc n 05 41 6.4 1,
6Replac on D.Sj 4

22043 Particle SepCrutor Replace 0!1 Org 1,3331 2. 4
22100 ZAPS Belower R Replace On Org 6671 3.A- S-d
22113 Anti-ice Valvz pae On Og 667 1.31 is

22150 Starter epace .6 ij

Repac On Org 991 ,3.22389 Anie SesrReplace IOn Org 4,7$2" 64 1-
I Rermr on ).S: 1 .9 1 P44'

2438A 1 ltc eplace' On D.S. 4621. 2.4J 1__
Rpair JOn 0.5. i47191 .8

tp a ir Off D..1,563 1601, f 27'
24090 AP0P Fuel Control Replace! On jr 518' 1.4 6551
241!9 APP Starter Replacel Or IOrg 17811 3.1j 39~

[24 187 APP Fuel Fuz ine-nlcej an IOrgj31254

41 A.:



vIL

topnn Co::an ::vecmttnue ft_____ '.A Or §evelix t BM M A4,1

126029 Ta!Iikinor Gerbx~ -p-1S. 4 jC. 42-

I Re- ac
Seainnu elMi rn4 ac . 6)

26340 Shaftnut A=-i S1 -u

642 Gnerriat -a-,- place, on S-

57027 7FC .e S, c
574:0Rtta pscAifielRpac O DC

P64 1-_________ _________

C.n

EttkaDi-cMain-ans 62B



~ ' "'~~tifv a co net were next
heai nci- reouirements 'or each cooe

examined 0 identif the sianificant man-hour consuing
-asks were then to be analyzed individually

to dtermie- -he proportion of total task time expended
on he S C f C task elements.

in .itiallv, was to anaivze both cononent

repair and replacement actions. It became ouicklv
aparent,howeve-r, that tasks other than component

rer-va' and reracement could not practicablv be treated
in an analysis of this tyne- Examination of the mainte-
nance reqeuirements data revealed in nearly all cases repair
tasks on each comt.vonent. Attempts to identify the nature

-the renai- tasks were rarely successful, however,
because of the limited definition pr-ovided in the data.
A gearbox may have, for example, reflected a significant

incidence of repairs for leaks. The leaks may have been
in one or more of several seals, in one or more of many
attaching Lines and hoses, in the filler port, etc. The
repair may have been as simple as tightening a bolt or
connection or as comlex as replacing a rotating seal.
Since all repairs of this tvne are merged together by
virtue_ of the code systems u-sed, there was no way to Iestab-lish which tvpes of repairs were actually made, their

relative frequency, or man-hour cost. Even if this -were
possible, tne number of different renair tasks to be
analvzed would easily oroer in the hundreds.It co-icatIng the problem is the diversity existing
amona basically similar repairs. Repair o: rework of acton ent %.a be sin,le and st1raightforward on oae
occasion and complex and time-consinaing on the next
(as wnen internal parts are found corroded and seized
unon disassembly). It is difficult, in many cases to
speak of a "t -ca± repair.

The problem establishing the nature of ranair tasks
on tne helicorter also appeared in the course of the field
surv¢evs which took place later in nthe program. A tyical
caZe- i-% .l 'yeV,.- ve a high. incidence of reported reairs on
S,.,-,--c-ntn evaination of field dataj, "u

nc nzr.- o renair of that comoonent in the Maintenance
itIocatIon Chart for t e helicopter. When asked, Ar-m-
ma-ntenance oersonnei would acree that no renair of the

r m -Was a ut-oried. The reported cases of repair
were sl lv a-tributed to faulty data, e.c., reniacemant
or a i rotor itch link recorded as "repair" of -th ta-I
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rotor installation. At times, field personne would
indicate that mi.nor tasks v-re performed on the comoonent
'Etightening a loose fitin., touching up surface corrosion,
etc.), but these were not considered in the nature of a
"repair" as such. Overall, the consensus was that the
majority of corrective actions on the aircraft involved
replacament of components or parts.

For these reasons, the maintenance task time analysis was

concentrated on removal and replaceMent actions. These
actions, for the most part, are relatively consistent from
one occ*:rrence to the next. Unusual difficulties may be
encountered in any maintenance task, of course, but the
basic steps are relatively the same in each instance. There-
fore, the elements of time in removal or replacement of a
component may be considered fairly standard, except for the
element of fault isolation, which will vary with the type of
failure which precipitated the replacement. If replacement
was occasioned by excessive corrosion, for example, the
fault was probably disctrvred via a routine visual examina-
tion and troubleshooting time was little or none. if, on
the et-her hand, replacement was the result of tracking down
an ai-craft vibration to a malfunction in that comp'nent,
tzoubleshooting time miqht be a considerable part of the
overall task.

The approach, therefore, was to analyze the basic removalor replacement task (no-defect) and then to allocate time

to fault isolation for specific kins of malfunctions (or
groups similar malfunctions). The flault isolation times
were later averaged.

For each of the- selected components, a technicl analvsis
of the remlacement task was made. £fiS involved research-
in tech-nical manuals, maintenance handbooks, trouble-
shooting charts, etc., to establish the componentts function
in tha svs.em and its packaging and location in theinstal latLn.

Maintenance task steps were then identified and construct-d
for the removal and installation of the component. These
maintenance task steps, sequentiallv is-ted in order of
their occrrence, identified the mjor work ef.ort
associated with no-defect replacements of the component.
The maintenance time required to accomp.plish each step was
then analytically developed and recorded. The analysis
relied heavily on the judgement of experienced maintain-
ability engineers supplemented by actual har ware examina-
titins and -task observations where mos sil31e . Each step xn

.4
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The maintenance action was then assigned to one of the eighttask element categories listed below:

1. Fault isolation (troubleshooting)

2. Gaining access and securing doors, panels,
fairin;, etc.

3. Removal and replacement of other components
fOr ccessiblity to the component in need ofI -eplacement.

4. Removw4 and replacement of buildup components.

5. Removal and replacement of the end assembly
component.

6. Draining and re.4ling of fluid supplies (oil,

hydraulic fluid, etc.) and servicing or lubrication
after repair or replacement.

7. Adjustment, alignment, balancing, tracking, etc.
after repair or replcceetnt.

S. Inspection during a-n ater repair or replacement
and final test.

Table IX contains a typical com-onent replacem-ent task time
analysis - the UH-l helicopter tail rotor assembly (an f- its-
tration of the instalationts in F%.ure 3D) The man-
minutes required for te& remov and installation functi~s
are shown assigned to one of the eight task element cateories
(slash indicates t at minutes are spii2L betureen tw categories).
The numbers in parentheses refer to fiT;,e numbers from the
technical manual.

Component replacement task ti-:z analynes, thus developed for
each of the six helicopter models. wert tabulated for dis-
cussion and verification in the field survey interviews
which followed.

I
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ir.Table Jrva~s s d.n o a

rield surve-ys were conducted at f.ive Arm aviation main--te-

Th pros3z of the field ;-urvev was twofo.ld. T'he firs
ob-ec -v- was to co mpare the anal % 'Cal findinays of the

ai af it the &y-rence andjjdgqaM o0 fRam-;.-ch Laeeic The

objec'a' was to gai:-n a d=h pe inilntit the maiteac
requi~remnts of th aiu1aa-rnraft- especially from a

Bach& ioid viz% involved inxter-z era with Arm anenance

snexantsexamination of aix craft and1 where Possible,
t-he ohservati-ici actual maintenance operations. rach

surey wa- can tered around in-terews i'whitch expTiece
Ar- naitnane secalists inPower plants, drives. rotors,

etc. . Were asked to supply zaintIenance estimates based on
persona experience. T1woa Ka maintainability encineers
to_ - pzineac sur-vey which allowed the interviewing

to be wrauctd aonqaircraft r 4 'sster lines. The
Contracting Officer's T-echn ca Representative fro AAMRD
arranged and attended eachn field4- visit, scheduling the
taterview;s for overall workina efEficiency.

Pic= res 1 12 and 13 sn.ow tne fEormat of the field on-estion-
flairs ot used. The f _r frm recorded general in-o ain

bow- the survey, such as the 'unit visited level.s of mainte
nance cov-mer-ed, and nersons Jt_ viwe. The forms shownm in

F _-re' ad1 were used to record detailed inforr on

recuired thIat the person bel.: intervieweed Provide estima~tes
wit. r Prjo'- knowledge o ntanalytical estima.q da71lo-ec
by Raa. personnel. This wa done to avoid any tenadencv' to0

=sLm-m- acree with Zaman' s analz Cat.

The roedure for conduiti ng the Interview was generally
as fol-lows. The nerson bek L=4-reed wasfis-=e
to i i' piion of the the nosr frequexrE Cau-sfo
r..nlacemn tne comnn =n ==. eas ntra

'- He was- then asked' to -w~ e three causes f- r
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FIELD SURVEY QUESTIONNAIRE

Helo Model: UH-l Date: Oct.24-25, 1972

Maint.Level: Org. and D.S. Location: F'irst Air

Cavalry, Hunter AAF,

Savannahf Georgia

PERSONS INTERIIEWED:

Name and__________JohnDoe,______

l~Nm n akMS onDe pcMilitary Unit: A-Co pny, Aircraft Main-t.Bat.

Duty o~r Function: Crew Chief

Maintenance Experience: UH-1 (2_yrs.), AH-i (2 yrs)

2. Name and Rank/MOS: John S07jith, S22ec 6

Milit -Y Unit: B-Company,.Aircraft Maint.Bat.

Duty or Function: NCOIC, Prop & Rotor Shop

Maintenance Experience: UH-l (4 yrs), AH-I (2 yrs),
-r--47 (yrC-34 (6 yrs)

3. Name and Rank/MOS: ________ __________

Military Unit: -

Duty or Function: _________________

Maintenance Experience:__________________

Ficture Il. Field Survey Questionnaire, General Data.
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COMPONENT PPLACEME.NT TASK DATA

FORMAT AND CONTENT

Component replacement time data developed from the analysesI And field work previously described is presented in six
tables by helicopter model as follows:

Table XI Component Replacement Ddta, 0H-58 Helicopter

Table XII Component Replacement Data, OH-6 Helicopter

Table XIII Component Replacement Data, UH-I Helicopter

Table X7J Cowponent Replacement Data, AH-I Helicopter

Table XV Component Replacement Data, CH-47 Helicopter

Table XVI Component Replacement Data, CH- 4 Helicopter

Each table is organized sequentially by component code. The
data presented for each component includes a quantitative
breakdown of the replacement time elements and, where per-
tinent, a statement of the factors whch w~re found to in-
fluence the time involved in certain tasks. A two-line
presentation of the task time elements is used. he.. first
line shows the averace total man-nours requa red for replace-
ment of the component and the apportionment of this time
among the eight task elements. The percent contribution of
each element to the tot replacement task is shown on the
second line. Where factors pertinent to one or more of the
task elements are given, a third line 1its the numer of the
foot-ote(s) which applies to that element. The footnotes for
a c%..,ponent are grouped at the bottom of the table on the
same page.

The component replacemrent time factors presented in this
study are averages developed from examination of historical
data, detailed task time analyses, and the judgment of skilled
and experienced field maintenance personnel. The average
time to accomplish component replacement consicers direct
maintenance functions only. It excludes other contributors
to maintenance time such as aministrative and sun-v delays,
lost time, record keeping, etc. As such, the maintenance
time averaces may appear somewhat lower than published -
averages which reflect !star-to- nish times. OricInai-,
it was intended that the total maintenance time be considered
in this analysis. Attempts to obtain reasonab'le time estbLnates
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for indirect maintenance functions such as locating equip-
ment, chasing parts, completing forms, etc., were not success-
ful., however. It was found that the time expended in such
functions varied widely from one aircraft maintenance opera-
tion to another. The average time required to obtain parts
was reported to vary from a few mnutes to upwards of an hour
(in the case of a unit whose supply source was across the air-
field several miles from the maintenance base). Similarly,
estimates of time for obtaining work stands, a crane; external
power source, etc., were found to vary greatlydepending upon
the relative abundance or scarcity of such equipment at that
activity. Any estimate of the "average" time involved in
such tasks would be very subjective and serve only to make the
total time for replacement appear more reasonable and in keep-
ing with other published statistics. Such data would, more-
over, contribute nothing to the basic objectives of the study.
For these reasons, replacement task time analysis was confined
to the "wrench turning" aspects of the job.

Even in this area, however, some difficalty was encountered
in arriving at average maintenance times. Occasionally, the
engineering task time analysis of a component replacement
function would develop an estimate of total man-hours which
was at gross variance with the average man-hours generated
from the field data (TAMMS or 3-M). When this occurred, one
or both of two conclusions might be considered. Either the
field data was erroneous and/or the engineering task time
analysis was faulty. The first step in resolving the con-
flict involved a thorough analysis of the field data using
the detailed maintenance action reports shown in Figure 6.
Very often, cases of improperly ccAd data could be substan- J
tiated, as when replacement of a hebwcopter main gearbox was
reported to consume 1.5 man-hoirs. An error such as this
might have occurred in preparation of the original mainte-
nance report or in the translation of the data to machine-
readable format. Most often, it represented a case of im-
proper code selection (use of the gearbox code or part number
to report replacement of an oil fitting for example). When
a sufficient number of erroneous reports could be identified
in the data for a component, it was usually possible to re-
=olve major differences between the computer-generated
statistics and the engineering analysis. When this failed
to resolve the conflict satisfactorily, the engineer would
review his analysis to confirm that his detailed task time
estimates were valid and complete. Adjustments were made as
necessary at this point.

in the course of the field interviews, disagreement between
the engineering analysis and the tLme estimates of field
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personnel also occurred. These resulted frequently from
conflicting interpretations of the maintenance task being
considered, especially in tae classification of time among
the eight task elements, and were usually resolved throughI; discussion. Nct infrequently, the discrepancy was the result

r of over-eFttmating or under-estmating the time for certain
tasks in the engineering analyais. The opportunity to discuss
maintenance tasks with experienced field personnel while
examining the actual hardware installation was extremely
valuab;e in this regard. Very often, problems indicated by
an analysis of maintenance instructions and installation
drawings were found to be much less severe when, actually
viewed and discussed. Likewise, some problems overlooked in
the technical analysis were revealed in this manner. Re-
placement time estimates were frequently modified as a result
of the field survey.

E The component replacement time factors developed from this
study are the best overall averages establinhed by skilled
analysts using the various sources of information available
to this program. Maintenance time is, however, a variable
quantity. it is influenced by the environment in which
peoile work and by tne maintenance resources available to
them. it is influenced also by their skill, motivation and
morale, by the quality and depth of supervision and by the
policies of management. The concept of an "average mainte-
nance time" must be viewea within this context. Higher or
lower averages may prevail where the physical or psychological
factors influencing maintenance performance move in either
direction from the norm.

The emphasis in this study has been on the quantification of
maintenance time in tents of discrete task elements. Estab-
fishing the time structure of major maintenance tasks isolates
the elements of work which contribute most to the dverall man-
hour expenditure. However, there are factors involved in the
perfc-xtance of maintenance tasks which time statistics alone
do not reveal. One additional requirement cf the Covernment's
work statement for this project was to identify the more
important of these. This has been done by way of the notes
appended to the statistical data in each table.

In the course of this study, many facts and opinions were
brought to the attention of the analysts doing the research,
either through their own analysis or from the field personnel
they inter-iewed. Often this data was totally or partially
unrelated to the subject of the study. in other cases, the
data was relevant but was found to be unique to problems
at a particular facility or with a special group of aircraft.
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Thus, it was necessary to carefnly review the collected data
and to selectivelv extract the more significant information
for inclusion in this report. The footnotes which accompany
each table are the result of this screenin;, the com.ents

considered most important to the inmaediate goals of this
study. There is oviously m; :h more infomation of a qual-
itative nature available on the maintenance of components
covered by this study. Much of this would be necessary to
any in-depth study of maintenance problems flowing from this
initial investigation.

Figures have been used to ii1usttate some of the more im-
portant comments. They are ffound grouped at the end of the

table fcr each model helicopter. Appendix IV contains histor-
ical maintenance data for each of the components contained in
this section.

I
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IA
Lever and IdlerI Link

Collar Set I

I Ii

Transmission

Swashplate and
Support Assembly

Collective
Lever Inaccessible Nut and Washer

Figure 14. Swashplate and Transmission Assembly,
OH-58' Helicopter-
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Attaching Hardware

t 
liii

- / 1

Cyclic ServoActuator . ! ;

I / i l l ;! i I

0I

II

Collective Servo
-Act,--uator

Attaching Hardware
Figure 15. Cvc1ic an Collective -Actluator Tnstallation,

OH-58 Ifelicopter.
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Retention Bolt

II
T1\

Pressure Relief IN\

Valve

Reservoir,-Nt

I<

Main Rotor Hub Asse-bly

/
Main Rotc Blade

Figure 6 ain andor b Iane _ installation,
011-58 r elicopter.
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SUbMARY OF D-ES.-GN FACTORS RETATED IM MAJOR
COMMONENT REPLACLMENTS, 01-58 HEICOPTER

The more significant -aintainability design characteristics
of the OH-58 helicopter, within tne ten mwaor component areas
covered by the study, are in su=ary:

I. Tail Rotor System

a. The tail rotor drive shaft is supported by six hanger
bearings, all of which must be slipped onto the drive
shaft from the forward end. This arrangement requires
removal of all bearings located forward of the de-
fective bearing being replaced.

n. Changing the sequence of discs within the stackup or
changing the orientation of any sinale disc renders
the laminated steel disc flexible couplings unusable-

c. Replacement of the tail rotor hub entails disconnect-
ing, removing, installing and accounting for numerous

It parts and associated hardware.
a. Proce dures reciire re~nal of the tail rotor hub 2nd

blades as a unit In oxder to replace blades.

e. Each ha:ger bearing has a self-aligning feature

which requires a camplicated bearing instaliat.on
pr-ocedure.

f. Disassebly and reassembly of the hardw, - -. are some-
tLnes necessary to obtain Prope: -him- uf the tail
rotor hub.

2. Main .Rotor Hub

Frquenty te maiz.n rnotor blade retention
diffic1ilt to V&=

. Overtorqu'tg of b%-.1its ataching reser-oir, stat-o-4-- _1 ksngs Une ma.,n rotor
seal, siqht glass, a ci
hub grips has caused cracked sight glassez and
reser oi- cases and- doef seals.

3. Transssions and earb-oxes

Due to physica: cation o comaronents n te r
deIiver train to rotors, Ma ny driv, cntri, and

jio



rotor components imust be removed to orovide accessI
to the r'.atn x ansmas ion.

t, Repliacement of the tail rot-or gearbox laauires, re-
moval of the tail rotor hu and blade assemhly-

c. Spillace of oil- is inevitable and much cleanun f -e
is recui-red- when drain-ng tetransmission sump.

5.Hydraulic Servo Actuators

Numerous pieces of attachina hardware a-re required
,or mountinq the actuato:rs.

5.Starter Generator

a. Five electrical leads must be disconnected and r-econ-

netd wnen replactln; the componet

IMb. The star-ter-aenerator must he noroperly supported--
%henzcrr the attachingam -Iax~ is lo1osened or until A

the cl1amp has been instailled and properlyv torquied.

6. Sashpiate ana _Spportia.QAsehlv

The nature of the desian Adits niannrent funotro*.n I
and ilocation rau' r renoval and insta.llation of a2
nwtmher of ohrconz-nent S for reniacer,-nt of tbz-is
assem- v

7. Main D-:-ve Shafts

a. On those helicoptE.ers equipped with a-,-or plating, theI
elating must be removed to nrovide access to t-he
enaante-rjismissrion crive shar r.I

b. Scrz~ws attchig - -- t_ shroud cove-a the dr-ive

shaft a-- inaccessible ando recu-entlv a re str ipped
i he nrocessE of removal -

S. Pow~er Plaat isalto

a.The bu ilduD -of renlacem-men- .eng in ues remval
of acces.-ies ftron the o... encxne for isa ~if

on ~ ~ ~ ~ M ericeet 7hs .en t=errcdier and
12U1±OUP orocess IS tlS-Co flUMIfl

assa~I for Db:-lIdup of the rep acmntasem-iv=



c. Two sizes of co,:ling nuts con..%ct lines to the fuel
pump. EacI zize has a specific torque valve.

d. The upper-ost self-locking nut, att.ching the fuel
control to gearbox housing is difficult to remove
and replace.

e. Three different torque valves are specified for 3
installation of the governor.

f. Oil cooler replacement requires removing and replac-
ing thirteen bolts and washers attaching the cooler
to the duct extension.
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SUMARY OF DESIGN FACTOI$ RELAED TO M4AJitCOMPONT REPLACEMENT, OH-6g H-r TER

=The more siarnificant_ M5xntaLn-b'ctydsg cha-acterxsM~
of the M1-6 helicopter, within the ten naior ca-moment a reas
covereat- by the std, are an swJI-aZV:,

1.Tail Rotor System

a. Rep acm.nt of the tailrto hut Assembly usually-
rrequires Xrigginrl the tailI rotor contcrol syst'em._

TherimIlng ecpueceis t!%-e-conslning -mae -to itie.
pjffl~ ofste-s ti volved.

n-Replacement of the tail rno or bflde and hn reouires
three j.A a- "asurments by vaaintenance person ax.

c. Raen] acen-t of the'r tail rotor- ae, r-ox requilres re-
royal an reinret-"-ain of the tzil1 rotor. Upon
r Ma:Lsaflat ion, balance- and tzack rust be c'-ckd

a.s;~~mqmust -be A ccopished so -hat the' ta-il ro-tr
aive -1 fhat ts be tween Unhe transaiszion outnu

coupling and __eta11roio gear~ic input cupling-
Th.e SAnziLL1* n~oe-r ret7 Ures that the saf and tail

COc arbttox be i -- Atd gap mea surernent taken.
sfetadgearbox remven%, shins inStalled and,

finallyr. the sh ~and ae-arbcx reintstalledA.

2. W-in Rotor Hub

a- Repia-c~et of tile rnp i rn-rc5rc~e eoa
and -csta I at Ln Of the mannrbladles aMi dri veshaf. Psconneing an Connectigltagso h
scissors assert] vy and pit -I change rods Is also re-

Tnaiz-;- m ±arge porticn OPC the hubsj; repxac~ment t.a-
_s at-ribk '-dd to these taskxs.

bo Hun relacamenz involves the use of a numier OE

C. Thiiffera -Ol (NAS4'-PA4 or m =6 ED 2_ are _A-
tattL the maitr tor- a=per am depencQrz9 upon
tecon :1curatioll. diean be-lt 369A102 is Us..d,

M11 7- M -M S - ulj ed t o p r vi e - we a r a n c e =le tw e8f tote

4- en ana w-z0a



±onniss and-Garoe

a* The rotor r eroxad-m-4 --- dr-ive shaA
rnneted- ancmovedratob-L+ a foot to

aovv l emOlval or -he transt--ssion. Access to4: the
cmw~ard tal rotor dri-zve shaft- cunlino isLiitd

Sca d Z'nusUaletion and two access covers must be re~-

M- e- o ex-ose the~ a~ tranlsmxsszcnox:...e

- Safetv W-ri---- eh a-7- tra OCl M1 is~

4.Starter Generator,,

-- Re§1a cemeticus disccnnectinc, a-nd connect inc
e ria! lead s. These leadsm-s be l

nro-~ removal to insmure proper installain

swash=jat and& 1 .ijEt~n Asembl

a he -ds-r rec-ires secmntilreoa nntla
mx.t of - -'4 t m__ capnztzt effect re-

a. Sor tnsulat in-n and main transw-ssio= access doors

c-= -e remo-0vec ad reinrstalled for rep-lacement of

b V lower stor a ta-rhmet bot Asm close prax-
tnwr-7X1 h- se et z e t aI Mre clearance is

oem-Sizrable to' facilita te. use or" a toca'm wre n ch o n

th~ -ho-

du~ = c-Uwnthan~ heo
- o Cr 4a- ith nobnua. A" Ic

.-Lon Xratz orlie fiocn c-

~ n s a=
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200 TO 250 in. lb
r 120TO150 in. -lb

200 To 25b jflJ1

120 TO 145 in.-fl!It 520 TO 780 f t-lb
70 To 90Oin.-1bA

NA
40 To 70 in.-lbN

125 TO 150 ft-lb%, 17s in.-,,) '

100 TO 120 ft-lb 4C

64 TO 79 f t-1bN

120 Tt' 150 in.-lbN

20 7D 750 in.-lb

TM 30 t±0 TO 145 in.-lb

<120

1007 TO 140 in.-1b
(TYPICAL-ALL2 TOfIS 100 TO 40 n-l

-IN

3 070 TO 900 in.lb

120 TO0 145 in.-lb

Figure 29. Rotor System' =orcn Values, 181Helicopter.
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Hub and Blade Assembly 7

Shim

Torque
60 to 85

inch-pound-Unds

Torqu -0 to - 0 --- ----

Lubricat i ioRn

A

Torque 300 to 400
inch-poun-dS)

Figure 30. TailI Rotor Installation, UH-i Helicopter.
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A

(1) Reo" retaining bolt, lockvasher, and coutputtM ~t 4"Ptor. A

(2) Remove starter-generator, cable, starte-gnerator

f assembly,. and seal drain hose as follows:
a) cooling f aft ed. of atrter-

arator and a starter-generator r stahatssembly.

(b) Loosen hose clamps at each side of starter-generator
fan aaembly, and remove hose sections frcm fan. kimove cl=p
an inlet housing, and remove long hose from engine.

(c Remove starter-generator fan assembly and cable.
Reove seal drain hose and fitting at underside of driva pad,
and install plug. Install drive pad cover.

(3) Remove main electrical cable by disconnecting
lads from harness and units on engine ad from exhaust
tber=couple connectoron rear fire-wall, and by detaching
cble support clamps and brackets.

(4) Remove linear actuator, governor control shaft
laer, and droop compensator cambox and bracket assambty.

ova power lever control arm.

(5) Renove tachomter generators from driva pads on
Overpeed governor drive box and on right rear of accessory
drive gearbox. Install drive pad covers.

(6) Remove fuel control inlet hose, and cap fitting.

(7) Disconnect two Cfferential pressure switch hoses
from restrintor fittings on fuel centrol. Rplice fittings
with plugs.

(8) Disconnect hoses from combustion ehamber drain
valve and from drain tee on fuel control drive pad.

(9) RPsve governor seal drain tube and fitting andI drain tee.

Figure 31. Engine Teardown Procedures. UH-1 Helicopter.
(Sheet I'
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(10) Remove fuel control vent hose and fittings from
-noard side of governor.

(II) Plug open ports, and cap lines.

(12) Detach support clamps and brackets of fuel
differential pressure switch hose and oil pressure hose from
left side of engine inlet housing.

(13) R oil pressure tas en, p::c switch,brackets, and hoses.

(14) Discc-.-ect pressure hose fram oil filter.
(15) Disconnect torqueeter pressure transmitter hoses

from left side of inlet housing and left front of accessory
drive gearbox.

(16) Replace fittings with plugs.

(17) remve oil pressure switch and transmitters from
support, and reve support assembly from top of inlet housi.

(10) Remove oil p p inlet and outlet hoses and engine
breather hose. Replaca fittings with plugs.

(19) Remove bleed air hose and elbow f-ro port at top
of centrifugal campressor housing. Ra--.ve hose support clamp
am& bzncket from engine. Install cover and gasket on studs
at blted port.

(20) Remove tailpips wi'th V-bn cc ling.
Srmu r over plate atrching Proed s with cHnl of epha.st

(21) D1sconnect exhaust therooul cal from coamreefA fire-wali.

(22) Remove uppe rear firr-sal! assemly by releasin
V-barad clamp around support con-- flange and workingadpb
z ng carefully aft over thermompl tubing.

F _ re31. ng-1n e Teardo-an Procedures, UH-i Helicovter.
(,Sheelt 2 )
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4AA

a \ rx )Aid ofoese g Verrt-

e-j :fryv lc Iits

A A L-.-I

4k
4

tI

1)Install engine mount trunnions. -i th an .

v-pport brackets or clips normally attached on same bolts.
(2) tratall oil system hoses. incln ui breat-er

hose, with fittings and support brackets or clip, oil
ressure transmitte=rs, and switch sunport assszblv,

)lete witi1 nne sfct:inq hoses.

3) Intall two tachoieter generators on ounting
pads, one at rear side of overspeed governor drive Cearb ox
andoneaat i igt rear side of accessory drive gearbox.

()install droop coanpensator caabox. ina

actuator, and covernor control levera - install er; eveet-atrol ar.- on fuel control -

e(5) install fuel conttol inlet hose, fuelco- t-rol

-a r. hamber n s ses , and fuel
control vent hiose v'th fittings.

(6) R-- va plugs or fittings from pressure taPs on
tw=l control wunn housing. install two restr!ctor- fittins,
andA connect b--s to fuel -411t rerential pressure siMtc.
Fuel differentiza± pressure --ansmitter ass-s 'Iocate p

o top of: encis inlet housing.

(7) install uppner rear fire-waflasml secu-ng
Sap~e. ~n on :ang:e of exas diffuser suppo- --

with V-bat Ccp-n' . Seat coupling securely ann aqten
cls .s matorque ofr 40 to S0 inch-nounds.

Ficiure 3M T ine BuLld--up ProeduIres, %.. rl iconeI
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(0) Connect thermocouple lead to connector on riolit
rear slide of fire-wall.

(9) Insta-ll ---r ;ate on center of exhaust diffuser.
install exhaust tatt; tv_ V-bayvi vc-uplihg. (Refer- TH

(10)1 Install main electrical cable with support clips.

(11) Connect to engine electrical1 Narness and to units
mounted on engine.I (2) nstll tarter-cgenerator and starter-generator
cooling fan asseit-ly.

sa 13) Rewive plug at b~tc"of drive pad and install

(14) Ins-tall eutrw- drive shaf t adapter, with lock-
we-her and retaining bolti .. (Refer to M7 55-1520 -210-20).

(15) Check over engine and rcxve any raing _

sh~ipping covers or plastic plugs.

Fiaure 32. Engine Build-un ProceR~ures, U-i' Hei-opter.
(Sheet 2)
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- .Transmission Input Quil!l 4. Sea! i2. Clamp Set- Spring

-- 3. Cooling Fin 0 Engine Drive lange

Applyv a thin layer ofar a o.reas onoard surface
0*20Grese Dnth of male (iner) couplip.

F 0la Mte partI-1s eand move outer
0"0uiLenc7h coupiL'ng to f-ull outward

I~~~~~ ~~ I. crnmsiooup Qil 4 Sa I

.s Clamla to workApt pl a tir lckets
gro grease. Con nue

0 Gusing grease uniro a wall
0- N20 to 0.30 nch above

of SniOfines oiin iha counaDrv hf-otslne of feal

p g obuilit up.

Lubricatin o Muat Ie Couaiinp

J.r3. Sp I V--'e rexib-" rive Coupling, Tv-icalL 2-be Requirements,U 'H-i Heli'copter.
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K.~~~ 7- -. ,-1r-

Starter Genertr rr
Engine Mounting 

-

Pad -and Studs:

t. S t z S= .e to

Mountin.a Plats

rig.ure 34-tre-Gnrtristallation, Un---i L Siopter.
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--------------------- _

SUM AHRY OF DESIGN FAC'i3P$ R TODMAJOR COMIPONENT REPLACZENTr, UW- IHE"IOPTER

The more significant maint-ailit design characteristics
of the URI-I heliconter, within '-e ten major component areas
covered by the study, are in swimary:

i. Tail Rotor Syste
a. The tail rotor hu and blade installation contains

many small -s ann items of hardware, the handlincg
of which contributes sic Jifantly to the total -
maintenance time.

b. During installation o. the tail rotor hub, the cross-
head is temporarily s.ied In order to measure
the gap between the retainer plate arn crosshead for
shimmng. The process of buildun, teardown and final
buildup is time-consuming.

c. Clamps which retai- the tal rotor drive shaft to
ting couplings are supplied an matched halves.

When installed, a gaf wil1 exist between the halves
at the two attac en bol . locations. These gaps mist
be eg'aai within .030 nch.

d. Adjacent tail rotO-or ive shafts must be removed to
permit reDlacement of - e nger assembly.

e. Two tail rotor drive shafts be dlcon&ec'ted
from the antefediaQ-te ueazbi-nr";l to per it
removal of the aeaox

r. Replacement of tail rotor gearbuxceciires rem..oval and
reinstallation of he tail rotor atsembly. Upon re-
installation, balan and track wuft be checked.

2. Main Rotor Hub

Many different torcue valves mst be applied when in-
stalling the hu - and associated harrware, with critical
torques witnessed nd/or verified bv a technical an-
spector. Shiin required to obtain nroner clear-
ance between the rtor blae an drag brace clevis.

3. Transmissions and GearoxeS

a. Due to the acrrangemnt or comnponents in the power
deliver; rtra. s, many components must
be removed to O=d ac css o tne transmission.



b. Access to lines, hoses, transmission mounts, le- f
link, drive shaft couplings, etc., is gained tnrouan
access nanel on both sides of pylon island structure
and through a "hell hole" in lower fuselage under the
nylon. Removal of panels is not difficult, but
the resultant openings do not provide easy access to
the listed componaents.

c. Replacement of tail rotor gearbox requires rem-oval
and reinstailation of tail rotor assembly. Upon re-
installation, balance and track must be checked.

d. Removal of the main transmission input cuill! requires
use of special jack screws and may also require appli-
cation of heat to transmission case.

Hdraulic Servo Actuators

a. The flight control system contains three cylinders
wnicn appear identical. Although they are not
Functionally interchangeable, without making certain
adjustments, they can be physically interchanged.

-- Starter-Generator

a. A number of different starter-generator installations
are currently being used on UH-I model helicopters.
Fa-mliarization of maintenance personnel is renuIred
for each of these installations in order to ensure
r oper removal and installation of the Particular

cooi na duct and shroud assembly arrangement for that
configuration.

b. Th mounting of the starter-generator consists of six
nuts and washers -thich attach the unit to studs on
tn e engine unting pad. Removing a-i installino

these nuts is difficult because of the limited rork-
ing snace available.

. Swashlate and Support Assembly

a. When. replacing the swashplate and support as=-3 lv , atrae na- otion or the total maintenance effort s Qe
voted tothe task of removing and installina other
comnnents.

. The desian is such that comonent replacem-et in-
t VOlC discoffnecting, connecting, removing-

115
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i ta1 -M~ds -Cco--nr~ -n~erous,-- partus whichI
becone loose hardware! easily misplaced by nainte--
na-nce personnel -I

c the collective lever assertly includes many detaile-d
parts which m'ust- be dsszbecand ressembled
during the po'aeet~ress.

7. M.a in Drive Shaft

a. The quantity of grease in couplinlgs is critical.]
The packing nrociedure dc~ffas nrecasaon and i;s time-

consin-ai ng. Bteplacezlnt coupTings are not prep-aclked.

Iremoval of: old- grease Solvents may not be used.
Some maintenance coampanies3 use cotton tipped sticksq

engie fo iduni taicss-.Eahsln ot&iindvu-

ful mlanfod and mosunted uerear fof thacepngine

space pavailssable or dtoo an=aation.

f. or olz nircrati-t-=~ 4  r naesatn

d. Replaing theM ngine- aocues riesrvang an I
a. U ar..erminalCI

telretinge -l oth - .. 4 ent govenor.
Many teps invotv, e=-'very o

1-ing -.=-s s- -I
itm In _rsr-'e ___ euece ar In-o nte3

A
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SUMMARY OF DESIGN FACTORS RELATED TO MAJOR
COMPONENT REPLACEMENT, AH-I HELICOPTER

The more significant maintainability design characteristics
of the AH-I helicopter, within the ten major component areas
covered by the study, are in summary:

1. Tail Rotor System

a. The tail rotor hub and blade installation contains
many small parts and items of hardware, the remnov-
ing and installing of which contributes significant-
ly to the total maintenance time for component
replacement.

b. During installation of the tail rotor hub, the
crosshead is temporarily assembled in order to
measure the gap between the retainer plate and
crosshead for shimming. The process of buildup,
teardoum and final buildup to determine shim thick-
ness is time-consuming.

c. Many replacement actions are a result of excessive
wear of parts and components, particularly bearings.
The probable cause of many failures is improper system
installation and rigging.

2. Main Rotor Hub

a. A number of different torque valves must be applied
when installing the hub assembly and associated
hardware, with cirtical torques witnessed and/or
verified by a technical inspection.

b. The main rotor blade bolts frequently are difficult
to remove due to seizing of the bolt. Wben this
occurs, a work aid is required to extract the bolt.

c. Rotor tracking is normally required when the main
.:otor hub assembly is replaced.

3. Stability Augmentation System

Although the SCAS control unit is located in an
accessible location for maintenance, its exposed
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location behind the Pilot4C.'s seat,_ makes it vulner-
-a to damage from articles stowed in the compart-

merit.

4. Transmission and Gearboxes

a. Du to-he arrangement of components in the power
delivery train to the rotors, many componentsmt
be removed t-o provide access to Ithe transmission.

-- he t-ransmission cowl door have hinges which require
custom fitting (shims) upon reinstallation.

5. !ydraulic Servo Actuators

a. Valve connections on thbe dual hydraulic flight
con trol cylinders are positioned in proximity to
each other. This arrangement allows little or no
clearance for connecing or disconnecting the
hydraulic lines. Sequential removal is required
to gain access to the inboard lines.

b. The bearing housing of" the flight%- control cylinder
valve is lubricated with grease through fittings
located at the base of the cylinder assembly.
These lube fittings are located inpositions which

ii provide limited access for servicing.

64 Star ter-Generat-or

il a. Access to the six mounting nuts and studs involves
removing a clamp and detachn hefeibehs

location ~ ~n beidthhilt e makexitbler-s

educt dfrom the shroud On the focard end of he

starter-generatojr, loosening the two cl1amnping bolt%-sat the left side of the inlt shror, and sliding
the shroud aft. hese functions ar the aorer
contributors to the corponent replacoment t te.

_ cinsalling the toD inboard mounting

b. Remove ad topi deacsst hetasmsin

nuts i s ifficult due to limited work swaceq.

7f Swashiate an Uhpirm po As embty

a. T-hen replacing the swashpi'ate and support assembly,a lare portion of the total maintenance effort
is devoted to the task of rhmoveng and insalling
other component .
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rA
b. Numerous torque valves are specified for the

swashplate installation.

c. The collective lever assembly includes many small
parts which must be handled during the replacement
process.

8. Main Drive Shaft

a. The quantity of grease packed in couplings is
critical. The packing procedure demands precision
and is tiwe-consuminc. Replacement couplings are
not prepacked.

b. Inspecticn requires disassembly of shaft and
complete removal of old grease. Solvents may not
be used. Each s!line tooth is individually
cleaned and visually inspected for unacceptable
wear patterns and/or deterioration.

9. Power Plant Installation

a. Teardown and buildup of the basic engine, which
includes removing accessories from the old engine
and installing them on the new one, represents
the largest element ot the replac-ment function.
Many step 1 , involving disassembly and reassembly
of the adapting parts in prescribed sequence, are
involved.

b. Engine replacement requires checking main drive
shaft alignment and control linkage rigging.
Servicing and ground functional checks are also
recuired.

c. Replacement of the linear actuator nouua±ly
requires rigging the power turbine governor RPM
controls and making necessary adjustments for
actuatCr stroke. This process includes a number
of detailed steps involving precise measurement
of adjustnents.
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d. When reinstalling the tripod assembly, a check of
the main drive shaft alignment and control linkage
adjustment is required.
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TOR.QUE MULTIPLYING P)WSF( UNIT, i
PART SWE8lOG (11.2 TO 1)

1459-(PAOF

114589-5ADAPTER SET)

LIFTING DEVICE,
ANCHOR PLATE, FWD ASSEMBLY. -7 1' 11E589
PART ll4E58e8-7. AFT f jT14E899

ASSI~mBLY, PART 11AE5898-
(PAIRTS OF 114E5898-5

ADAPTER SET)SRE SCE
RETAINER

K COVER

PREFORMED PACKING.

HUB RBTAI-NING NUT

WASHER

Maintenance crane -1125128-3
Adapter set l14E589-5
Rotary-wing head lif t ing device 114E5899.-19

Hadi a dapter P4JE5940-l or transportation
skid 114G1020-38 cr equivalent.

Torque wrench mu1 .L-pler SWES100
Torque wronch, 500 foot-pounds, 3/4-inch drive

Figure A2. Rotary-Wing Head Remnoval/TInstailonICH-47 Helicopter.t

148



soT=I AT PITCH 4T.
I14Z3411 TAmRP': 0 PITCH SiCA.U AND

LINK 114R361 UII FSCA VUAJIUCKI WaiW sco

ZTAINNA 
O-N

KIN

Using a twine, Type P, Class 2, Cut off excess twin approx-
anke a loop approximately 1 inch mately I inch from the kLot.
long. Make the short end of the
tvine at least 3 inches long. Make Using twine, make three wraps

the longer e 4 of the twine of suf- 1ro~s u l the oo one tiroght ahd
ficient lengL , to make 4 to 5 wraps ro ul h w net ht

secure it with a square knot.
around the pitch ink boot at the Continue the twine hrouh the
top edge of the lower zipper bulb.

wire tab on the zipper, through
Wrap the twine around the boot. the slot on the zippSz sider,

Insert the longer end through the und then through the loops on

loop to form a slip knot. Then the boot cone again- Pull ths
pull the twine tzut. Continue twine tight and secure it with
wrapping the twine around the boot a double square knot.

to nke 4 to 5 wraps, pullng with Cut off exces twine appox-
sufficient tension to prevent the imaely A. inch from he knot.
boot from shift_,.a axiall1y on the
pitch link. Tie the longer and
and the shorter end together with
a double sq~are knot.

Figure 43. Weather-Protect~ive Cover Boot Replacement,
II-A7 Helicopter.
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E n ~~~~~~~i h rle oe -ekMl'Jru a new ReyCthe. I I

hl.Sim It ixntonc th 'uI-. se-by entl n a

(4) Place atnew key :i-hatherl ntedrie oe tcky n

(4) (I Secure the key-- tnd thadapterh he er dUs a Yodo ea black and two hu-e(1)ecrTe '.anadpr

5ias.B ur th vct cnee ith the bolt (2) ..-4 ew locknut.
cl=s on- thee key.'-- i.c--- Torque the nut to 100 ov 125 pow-

(5) bti24ihC-fsa 4 ' Cant a"
steel tubing, '3/8-inch 00-, 0.035-inch tur s 1itn
wall thicknessn. Inset it -through the ba rtet- -- b dpe

hol 2' ~ date an pat asebl ad nlate asc--I-y The fit should
and the bic es in the shalft Uftjl IL be easy. Yore'rn -he bolt or keys
touch~ee key in the other side of cudcueh. e irto
the ad'p-T

and danage to c~ompnnts.
(6) Dr _ a 19/64-inch hole in the (12) Check La' 2a 0.0Gb-inch to

key, us--;-_ the tubing as a brusinng. O.O25 -nch clearnrtme we each
Use an erraesion dr-ill-. R-emove the side of the tev ar! -n- -apr
tubin- E'arge the pilot hole in1 slo sieohesl-haanes
the kev to 0,.3 75- in c h. Me an extei- on bat&--- sides =umt-~ exceed 0.-03-EC

- so~dintch. If the clearance 1s less than

,.;required-. proceed-a fols s
(7) Dril the rC -in key in eK ''~(

Sane nanner. Hold the -- mev IOus'y Ya R-uove th = (), nut, a-
drilled In place wit the hose the f rom tbe ---

clam-s. (b) Hnd f ie the side of theke
as necesa.y to obtain the reunited

(8) Ren-v the hose m~ - laa=' ~jte ln raa
block while- balding -"he kuys ir Plce show n "luiSation. The surtace_

of the key rast be smot and free
(9) Idxeach key in thfd?' ro-- mc and gants Do not v--r

and plate assembly (4) to record is the e-di o& te keysi an ae
exact po_ so niJn g i n iL. tat -iCe. YX Ch a-pr-t el -.9 Z a h _
mark eaci- keyv and the adanter at d- Of the radii
ferent locati-ons to e-n"U" poper
stailatin Do not rely on the -- c fe eo''pyalg-

scje akonte ecoat ct ;rlase tth Rpyandke
SC.;L-- n heSlot area& bonr -.. t-4.at ion.

(10)" Rc-yeW the hoseL~ clzmns aro (d) ft' -s .l - vs otn
Reznove all burrs and cip fr 'ne the=X ILhars re~= them with
adpter np-I med shaft, and kevs the hIN)I-t(2) and L=u t Tum 7rue t

Apply a...gh coat. atof s on z ,.u nut to '00 to 125 --- nhes.
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0mre Minfc--- tinabilctx n-the1 CIt" heli0" e. Wthin4 arcei-sCr' ~1ered by the %t.y are i P sen-v mjor c=Dmnene ra
cov.e Ay numbert s'wal tol and sf.iwaeneddt7. Kahn Rotor Blub te12 t

forward or-. r0. =-Win:c nase-!,use and tezo- of tese itezccontribute 
2ini --. 4r znea-etn.

b. Draininq oi th erigoA-ank and p4.c..vt-I.ng housin * '

below the r_- u in whi ch on- c a containerThe oil mus . _ -~ 6ivrte
to the COfajner.

c.The method of a-ttaching the bnot S~ U4fairing or tuffckle and at theber-
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